The characteristics of sheet molding compound (SMC) roof tiles are: lightness, high strength, high stiffness, and corrosion resistance. This paper describes a trial production of SMC roof tiles in a composite manufacturing industry in Tangerang, Indonesia. The SMC roof tiles samples were then characterized and evaluated to determine the mechanical properties of the material and the performance of the roof structure. Mechanical properties of the material, i.e. the tensile strength and the elastic modulus, were obtained from the tensile test. Evaluation of the SMC roof tiles as a roof structure was carried out by static loads testing of the roof structure model. The tensile test according to ASTM D638: 2003 shows that the tensile strength and the elastic modulus of the SMC material are 30 ± 3 MPa and 10 ± 1 GPa, respectively. Failure of the SMC roof tiles as a roof structure when loaded by static load of cylindrical steel loads due to crack occurred at 94 kgs load.
Introduction
Glass fiber reinforced polymer (GFRP) composite material is used widely as a construction material because it has many advantages, such as being lightweight, as well as having high strength, high stiffness, and corrosion resistance [1, 2] . The choice of unsaturated polyester resin as a matrix and E-glass as reinforcement composite makes the material economical as construction materials [3] . Reinforcement content in the composite is 20 -70 percent by weight, depending on the orientation and type of the reinforcement [4] . The bigger the reinforcement content, the stronger the composite is. Sheet molding compound (SMC) roof tiles have a good opportunity for meeting the market demand in Indonesia, especially in coastal areas that frequently experience earthquakes.
SMC technology is a method for producing a kind of mass product (e.g. roof tiles) from GFRP material in high productivity with precise dimensions and smooth surfaces. The method for making a product from SMC is compression molding [5] . The SMC material is performed on a vertical press, where one half of a heated steel mold is attached to a stationary platen and the other half to a moving platen. A specific amount of material is placed between the stationery and moving steel mold. Heat and pressure are applied, which shape the material to the contours of the mold, while the excess is forced out between the flash land in the form of flash. After sufficient time has elapsed for a chemical reaction to complete, or a cross-linking to occur, the mold is opened and the components are removed by a suitable ejection method. The molded SMC consists of a thermoset polymeric matrix and chopped glass fibers. The matrix is composed of a styrenated polyester resin including low-profile thermoplastic additives, large loadings of calcium carbonate or aluminum tri-hydrate filler, and a small amount of reactive chemicals such as thickening and curing agents [6] . This paper describes a trial production of SMC roof tiles in a composite manufacturing industry in Tangerang, Indonesia. The SMC roof tiles samples were then characterized and evaluated to determine the properties of the material and performance of the roof structures.
Materials and Methods

SMC Materials
The roof tile dimensions and the SMC formulation are given by the manufacturer as shown in Fig. 1 and Table 1 .
Tensile Test
Mechanical properties of the SMC material, i.e. tensile strength and elastic modulus, were obtained from tensile test according to ASTM D638: 2003 [7] . The tensile test specimen type is selected as type IV. Type IV of tensile test specimens is chosen because the specimen's thickness is 2 mm. The specimens are shown in Fig. 2. (note: unit in millimeters and the thickness is 2 mm) 
Static Load Test
Evaluation of the SMC roof tiles as a roof structure is carried out by static load testing of the roof structure. Static load is given by a set of cylindrical steel materials. Surface contact between the cylindrical steel static load and the roof tile is a 100 mm diameter. The static load test and the SMC roof tile structure model are shown in Fig.  3 . 
Results and Discussion
Trial Production of SMC Roof Tiles
Conditioning of the SMC material sheets and trial production of the SMC roof tiles are done in the following steps:
The SMC sheets with the formula as shown in Table1 are stored in a room with the temperature of 25 O C.
Before being molded, the SMC sheets are conditioned in a room with the temperature of 33 °C for 2-3hours. The SMC sheets are cut with a mass of 2.6 kgs. It is placed between the top and the bottom of the mold and then pressed by hydraulic system of 500 T for 3 minutes as shown in Fig. 4 (a)-(d) . The molding temperature is set to 120-140 O C. The roof tile is removed from the mold, after which the upper surface roof tile is coated by a UV barrier layer as shown is Fig. 4 (e) and (f). 5 shows the defect on an SMC roof tile prototype during the trial production. The possibility of product failure based on the trial production is caused by the following factors:
The mass of SMC material is less than what is necessary. The optimum mass of material gives a good dimensions and surfaces and high efficiency (only a little material excess). In this case the optimal mass is 2.6 kgs.
The press time is less than what is necessary. It results in a less optimum flow of material to fill up the mold surfaces. Surface defects can be found in this case. In this case the optimal press time is 3 minutes. On the other hand, the use of a 500 T-hydraulic press machine is sufficient to ensure the flow of the SMC material in fulfilling the molding. The SMC formulation as shown in Table 1 has been proven to produce a good product by the 500T SMC hydraulic press machine. The compound in Table 1 generally has three properties: good flow of the material during mold pressed, good curing time, and the products are easily removable from the mold.
Tensile Test Results
Tensile test of the SMC roof tile sample material shows that the tensile strength and the elastic modulus are 30 ± 3 MPa and 10 ± 1 GPa, respectively. This outcome was underlined by the research work of Springer [8] using similar material with a code of EA-SMC-R30 and is in line with the rule of mixture (ROM) of composite properties. The ROM says that composite mechanical properties depend on the volume fraction of reinforcing fibers and matrix, and it lies between fibers and matrix properties. The tensile strength and tensile modulus of E-glass are 3.5 GPa and 72.4 GPa [9] , while the UP resin matrix are 0.62 GPa and 3.24 GPa [10] . It was shown that the mechanical properties of the SMC material in accordance to ROM lie between the constituent material, E-glass fibers as reinforcement and UP resin as matrix.
Static Loads Test Results
The cylindrical steel static loads are added one by one on the surface of the SMC roof tile as shown in Figure 3 (b) until the failure condition, i.e. cracks. Cracks occurred in locations where there a stress concentration occurs, at the sharp bends in the lines at peaks or valleys of roof tile as shown in Fig. 6 . The crack occurred at 94 kgs load. Stress that occurred at the area with the stress concentration is around 2-3 times the nominal stress. When there is installation or maintenance of roof tiles, the man loads will be transmitted to the roof surface via the two feet on the area with no stress concentration. Static load testing has shown that the failure of the roof occurred at one surface area of the roof having a stress concentration by 94 kgs load. It can be concluded that the actual SMC roof tiles structure is safe when there is a man load attached on its surfaces. 
Conclusions
The following conclusions are drawn based on the test results of this research:
